Penile paraffinoma is a rare but well-known entity. There have been few studies describing the ultrasound and MRI features of penile paraffinoma. In this case series we describe the imaging findings of 4 patients who self-injected "Jamaica oil" into their penises for the purpose of penile augmentation and discuss the utility of US and MRI in the management of these patients.
Introduction
Penile paraffinoma is a rare but a well-known entity with many cases reported from Asia, Russia and Eastern Europe [1, 2] . Paraffinoma, also known as oleo granuloma and sclerosing lipogranulomatosis results from injection of foreign substance containing straight-chain hydrocarbons, such as paraffin or mineral oil [3] . The first case of mineral oil injected into genitalia was reported by Robert Gersuny in 1899 [4, 5] . Injection of various other substances such as petroleum jelly, metallic mercury and even implantation of stone into the penis has been reported [6, 7] . In our local context, one of the recently encountered non-medical methods of penile augmentation is self-injection of unknown mineral oil such as "Jamaica Oil". Motivation to undergo penile augmentation ranges from desire to increase penile girth or length to a perceived sense of sexual pleasure [8] . While there have been several reports in the literature regarding foreign body granulomatous reaction in the penis, to our knowledge, there have been no studies describing the ultrasound (US) findings and few studies describing the MRI features in these patients. We describe the imaging findings in four patients who were seen in our institution after penile injection of "Jamaica oil" for the purpose of penile augmentation and discuss the utility of US and MRI in the management of this condition.
Cases report

Case 1
A 27-year-old male presented with penile swelling and painful erection. He denied any history of trauma but admitted to self-injection of "Jamaica oil" into the ventral aspect of his penis. On examination, the penile shaft was diffusely swollen with scar tissue especially on the ventral surface. Focal induration was felt at the dorsal surface of the penis. An US of the penis was done in the flaccid state using a 9-12 MHz linear array transducer. Diffuse subcutaneous swelling of the penile shaft was seen which showed increased echogenicity (fig 1) . Mild diffuse hyperemia of this region was seen which was similar to that of the rest of the penile shaft. No collection was identified within the penile shaft and the corporal structures and glans penis were not involved. The patient was managed conservatively. 
Case 2
A 20-year-old male presented with hardening of the penile shaft and painful erection. The patient had injected 80 milliliters of "Jamaica oil" thrice into the penile shaft 2 years ago. Four months prior to presentation at the clinic, he felt gradual hardening of the penile base, scrotum and suprapubic region. On examination, a superficial ulcer was seen at the ventral aspect of the penile shaft. An US scan of the penis showed a thick subcutaneous echogenic layer with posterior acoustic shadowing around the shaft with sparing of the glans penis. The echogenic areas extended through the Dartos fascia into the scrotal sac along the spermatic cords. There was also extension into the scrotal sac and superficially into the subcutaneous tissue of the lower abdominal wall (fig 2) . There was no involvement of the corpora or fluid collection. Excision and bipedicled scrotal flap reconstruction of the denuded penile shaft was performed initially. Unfortunately the patient developed complications after the first procedure and eventually underwent debridement and degloving of penile shaft skin and skin grafting. Histology of the resected skin and soft tissue showed focal epidermal ulceration with underlying chronic inflammation. The dermis was widely replaced by numerous cystic spaces which were within a fibrotic/scarred dermis and widespread foreign body granulomatous response was seen.
Case 3
A 17-year-old patient presented with 3-day history of penile shaft swelling and pain. The patient gave a history of injecting "Jamaica oil" into his penile shaft 6 months ago. On examination, the penile shaft was swollen and erythematous which extended to the penile base and scrotum. A superficial ulcer was seen at the dorsum of the penile shaft. US of the penis was performed showing diffuse increased echogenicity within the subcutaneous tissue around the penile shaft with extension to the anterior abdominal wall (fig 3a-d) . No clear plane was seen between the echogenic foreign body and the Buck's fascia. The corporal structures and the glans penis were not involved. There was no abscess or deep extension of the superficial ulcer. MRI was subsequently performed with a 1.5T machine. Multiplanar T1 and T2 weighted spin ECHO sequences revealed marked thickening of the subcutaneous tissue overlying the Buck's fascia, involving the shaft of penis and extending to the subcutaneous tissue of the suprapubic region. The thickened soft tissue showed hypointense T1 and T2 signal intensity suggestive of fibrosis (Fig 3e,f) . The corpora cavernosa and corpus spongiosum showed normal signal. However, no definite plane was seen between the foreign body reaction and the Buck's fascia. MRI confirmed the absence of abscess. The patient subsequently underwent surgical debridement of the infected superficial ulcer. Intra-operatively the Buck's fascia was found to be scarred with no fat plane seen between the scar tissue and the fascia. On histological evaluation, the gross specimen showed a tan yellow firm fibrous appearance. Microscopy revealed many variably sized empty cystic spaces which were diffusely distributed throughout the dermis. Chronic inflammation and fibrosis was seen surrounding the cystic spaces with surrounding sheets of macrophages and foreign body-type multinucleated giant cells. The findings were consistent with sclerosing lipogranuloma.
Case 4
A 26-yr-old patient presented with 3-year history of penile swelling. He admitted to injecting "Jamaica oil" into the penile shaft and inserting 3 plastic bearings into the base of the penis 4 years ago. He has been having gradual penile swelling, skin tightening and progressive deformity. On examination induration was felt around the penis, which extended to the root of the penis and anterior lower abdominal wall. US of the penis was performed showing diffuse thickening of the subcutaneous tissue around the penile shaft with increased echogenicity and posterior acoustic shadowing (fig 4a,b) . The penile beads showed posterior acoustic shadowing. An MRI was performed on a 1.5 T machine revealed hypointense T1 and T2 signal in the subcutaneous layer around the Buck's fascia predominantly involving the ventral side, the appearance in keeping with fibrosis (fig 4c,d) . The proximal extent of the fibrosis or foreign body reaction to the anterior abdominal wall at the pubic region was well demonstrated on the sagittal sequence. No focal abscess was detected.
Discussions
In Singapore, we have encountered patients performing penile self-augmentation with injection of "Jamaica Oil". There are many products available in this name, mostly advertised for hair growth, but the actual chemical composition is uncertain. Injection of mineral and other high viscosity oils into the penis results in various foreign body reactions with resultant scarring and deformity [1] . The potential complications include skin necrosis, phimosis, fistulation, abscess formation, erectile dysfunction and Fournier's gangrene [9] [10] [11] [12] . The cause for foreign body reaction to injected oils is due to the body's inability to metabolize interstitial exogenous oils [3] . As a result the normal subcutaneous fat eventually becomes replaced by lakes of oil that can be seen interspersed with (3a, 3b) . Foreign body extension (arrowheads) is seen at the lower abdominal wall (3c) and at the level of the symphysis pubis (3d, solid arrow) anterior to the deep fascia (3d, thin arrow). MRI correlation shows hypo intense signal in sagittal T2-weighted and axial T1-weighted images within the subcutaneous layer of the penile shaft with extension to the lower anterior abdominal wall (3e, thin arrows) in keeping with fibrosis. Buck's fascia is seen (3e, arrowhead) to be intact. Axial T1 weighted sequence (f) shows hypointense signal in keeping with fibrosis. fibrous tissue and granulomatous chronic inflammatory reaction [2] . In most cases, the abnormality is localized to the penis but sometimes scrotal involvement and loco regional lymph node involvement can occur. The time of onset of granuloma formation has been reported from 2 days to 40 years post injection and most of the complications occur approximately after a year [13, 14] .
US is the most commonly requested imaging modality in our institution for patients with foreign body injection because it is cheap, non-ionizing, readily available and offers real time assessment. Ultrasound is ideal in evaluating superficial structures like the penis in view of its high spatial resolution. The extent of dermal inflammation, presence or absence of collection and the depth of ulcers can also be evaluated with US. More importantly, US allow radiologists to determine if the plane between the indurated inflammatory tissue and the Buck's fascia is preserved which allows for complete surgical excision of affected tissue [15] . It is important for the surgeons to know if there is a clear place between the foreign body material and the Buck's fascia because for definitive treatment, complete excision of the foreign body is not possible if the Buck's fascia is involved and scarred [9] . Proximal extension of granulation tissue, scrotal involvement and loco regional lymph node involvement can also be evaluated.
The main drawback of US is that it is operator-dependent. It can also be difficult to scan these patients when the penis is deformed as in two of our patients where acoustic windows were limited due to the presence of superficial ulcers.
In all our patients, the main finding was that of thickening and increase echogenicity of the subcutaneous tissue surrounding the Buck's fascia. The corporal structures and glans penis were not involved in any of our patients, nor was there any abscess. This could be due to the Buck's fascia and fibrous layer of tunica albuginea acting as protective barriers. As a result the foreign body spreads along the subcutaneous plane to the base of the penis and into the anterior abdominal wall. In three of our patients, the foreign body reaction was seen involving the anterior abdominal wall. In one of our patients the imaging abnormalities extend through the Dartos fascia into the scrotum through the spermatic cords. Late cavernosal spread of foreign body has also been reported [16] . We postulate that even if a small amount of liquid foreign body entered the corpora cavernosa, the substance would be dispersed by the naturally occurring increased blood flow and sinusoidal spaces in this area, preventing it from eliciting a local response.
Although the US findings of penile paraffinomas has not been described in the literature, paraffinomas of breasts, buttocks, cervicofacial region and knees have been well documented [17] [18] [19] and show similar imaging finding to penile paraffinomas. In all these areas, when mineral oil or paraffin was injected, there is increased echogenicity of the soft tissues with posterior acoustic shadowing along fascial planes and involving adjacent structures. In three of our patients, the foreign body reaction spread to the lower anterior abdominal wall. The US findings at the lower anterior abdominal wall per se can provide diagnostic confusion if the appropriate history is not available. There has been a case report of petroleum jelly induced penile paraffinoma with inguinal lymphadenitis mimicking incarcerated inguinal hernia [20] . Also a case of breast paraffinoma in which the liquid paraffin spread along the fascial planes to involve the anterior abdominal wall was described and was misdiagnosed as liposarcoma [17] .
In two of our patients we had MRI correlation that showed the proximal extent of foreign body reaction. Multiplanar capability of MRI offers many of the benefits of US which includes evaluating the extent of inflammation, involvement of Buck's fascia and presence of deep seated collections. MRI is also less operator dependent, and the anatomy is presented in a manner which is more easily understood by clinicians. The main indication for MRI is to evaluate the extension of the foreign body into the anterior abdomen. In such cases MRI helps the clinician to better visualize the proximal extent of foreign body reaction especially when surgery is planned. MRI is however, more expensive which is why it is often not the first imaging study requested.
For MRI evaluation of the penis our protocol includes T2 weighted sequences in axial, coronal and sagittal planes. T1 weighted sequences and TIRM sequence are also obtained in axial and sagittal planes. In both our patients, MRI showed corresponding low T1 and T2 signal intensity at the region of foreign body material/reaction consistent with scarring secondary to foreign body reaction. These imaging findings are also similar to paraffinomas in the breast [18] . Motoori et al [21] has reported the imaging findings in a case of sclerosing lipogranuloma of genitalia which showed moderately hyperintense T2 and isointense T1 signal intensities. The hypointense T1 and T2 signal intensities seen in our patients compared to those reported is likely due to the relatively late presentations and time of imaging in our patients.
Two of our patients were operated and the histology showed chronic inflammation and fibrosis surrounding cystic spaces and sheets of macrophages and foreign body-type multinucleated giant cells which correlates with the clinical and imaging diagnosis of foreign body reaction or sclerosing lipogranuloma.
The recommended treatment option involves removal of foreign body material and granuloma followed by appropriate skin coverage [1, 22] . To achieve definitive treatment, complete radical excision is necessary to remove the foreign body [23, 24] . Successful treatment of granuloma with oral corticosteroids has also been reported [25] .
In conclusion, we describe the US features of 4 patients and corresponding MRI appearance in 2 patients who injected "Jamaica oil" for penile augmentation. The imaging appearances of this condition are characteristic and show similarities to paraffinomas of other body parts. Early detection and complete excision is required in the case of penile paraffinoma to attain definitive anatomic and functional recovery.
